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Synopsis
 
 
During carcinogenesis tumor cells grow uncontrollably and as they are pushed away from the 
nearest blood vessels they experience stresses like nutrient deprivation and hypoxia. Further 
during the course of cancer progression, cancer cells face yet another type of stress as they 
lose contact with their basement membrane, the anchorage-deprivation stress. These cancer 
cells later breach the basement membrane and metastasize through the blood or the lymphatic 
system to distant sites referred to as secondary sites where they extravasate and colonize the 
tissues and develop into a secondary tumor. Most often, metastasis is the cause of cancer 
related deaths. Therefore, understanding the various stress mechanisms that cancer cells 
overcome enroute to seeding successful metastasis is of fundamental importance in 
understanding cancer biology as well as designing effective strategies to restrict cancer 
growth. This study is aimed towards understanding the role of a stress associated kinase, 
AMP-activated protein kinase, in multiple stages of cancer progression. 
 
Role of AMPK in nutrient-deprivation: 
 
Rapidly growing tumor cells outgrow their blood supply resulting in a microenvironment 
with reduced oxygen and nutrients. Using an in vitro transformation model where the 
presence of the simian virus 40 (SV40) small T (ST) antigen has been shown to be critical for 
tumorigenic transformation, we investigated whether the ST antigen has a role to play in 
regulating the energy homeostasis of cancer cells. We found that the cells expressing the 
SV40 ST antigen (+ST cells). Mechanistically, we found that the ST antigen mediates this 
effect by activating a nutrient-sensing kinase, AMP-activated protein kinase (AMPK). Once 
activated, AMPK regulates the cellular energy demand by inhibiting the energy-consuming 
metabolic pathways while activating the energy-producing pathways. We further show that 
AMPK mediates its effects, at least in part, by inhibiting mTOR (mammalian target of 
rapamycin). Thereby shutting down protein translation and by inducing autophagy as an 
alternate energy source. 
 
  
Role of AMPK in anchorage-deprivation: 
 
Resistance to anoikis upon anchorage-deprivation is yet another form of stress tolerated by 
both stem/progenitor cells of various tissues in our body and by the cancer cells. Using 
mammospheres as a model to enrich for stem/progenitor cells we found that mammosphere 
formation is accompanied with increased aviation of AMPK. Concomitant with AMPK 
activation, we detected increased phsophorylation of the anti-apoptotic protein PED/PEA15. 
We further demonstrate that AMPK directly interacts with and phosphorylates PEA15 at 
Serl16, thus establishing PEA15 as a new AMPK target. Thus, our study has identified 
AMPK-mediated phosphorylation of PEA15 as a key component of anchorage-independent 
growth of mammospheres of both normal and cancerous breast tissues. 
 
Role of AMPK in epithelial to mesenchymal transition: 
 
Since metastasis is the major cause of cancer deaths, one of the keys to keeping this disease 
under control is to understand the detailed mechanisms of tumor dissemination. For 
metastasis to occur, it is suggested that epithelial cells need to shed their epithelial 
characteristics of cell-cell, cell-ECM interactions and gain more mesenchymal properties that 
enable them to invade and migrate. This is believed to be brought about by activation of a 
phenomenon called epithelial-mesenchymal transition (EMT). During metastasis, epithelial 
cells lose attachments to their neighbors, acquire a mesnechymal-like morphology and 
become motile. During metastasis, migrating tumor cells are constantly challenged with 
multiple stressful conditions including loss of attachment. We thus predicted that AMPK 
activation during EMT could be an immediate survival strategy adopted by tumor cells. Our 
results indeed suggest that AMPK regulates EMT by both transcriptional and post-
translational modification of EMT-inducing transcription factor,Twist. 
 
 Thus, our study has identified a role for AMPK in nutrient deprivation, anchorage-
independent growth, and epithelial-mesenchymal transition involved in metastasis. In 
addition, our study has identified two novel substrates of AMPK, PEA15 and Twist, that may 
play key roles in cancer progression. Thus, targeting AMPK, or its newly identified 
substrates, can be explored as possible anti-cancer mechanisms. 
